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1.0  GENERAL  INFORMATION  C 

1.1  ABSTRACT 

This  document  provides  the  final  test  report  for  the  Structural  Static 
Confirmation  Tests  of  integrated  structural  components  of  the  Minuteman 
LGM  30G  missile.  The  primary  purposes  of  the  test  program  were  to:  1) 
confirm  structural  compatibility  of  integrated  structure,  2)  determine 
ultimate  load  capability,  3)  obtain  load  deflection  characteristics. 

Static  tests  were  conducted  on  integrated  Stage  III/PBV  R&D  and  Operational 
stackups  and  Stage  II  Fwa /  Il-IIi  Interstage/Stage  III  stackup.  Various 
critical  combinations  of  external  and  internal  pressure,  axial  load,  mo¬ 
ment,  shear  and  heat  were  applied  to  the  structure  simulating  the  silo 
launch  condition  and  powered  flight  conditions. 

1.2  LIST  OF  KEY  WORDS 
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1.4  SUMMARY 

The  R£D  configure ticn  rests  (332  Series  Casts)  and  the  Operational  config¬ 
uration  tests  (333  Series  tests  and  345— F  tests)  successfully  sustained  the 
100X  le7el  test  loads  without  failure  or  evidence  of  detrimental  yield¬ 
ing.  The  test  specimens  which  were  subjected  to  the  failure  .  * st  conditions 
successfully  sustained  loads  in  excess  of  1001  test  loads  before  failure. 

Based  on  the  successful  test  results  documented  herein,  the  Static  Confirm¬ 
ation  Test  Program  demonstrated  that  the  new  Hinutecsn  III  missile  compon¬ 
ents  will  sustain  launch  and  powered  flight  loads  'ri.  thout  failure  or  detri¬ 
mental  yielding  and  satisfied  the  objectives  of  the  test  program. 


A  summary  of  ultimate  capability  of  missile  components  demonstrated  by  des¬ 
truction  tests  are  shown  in  the  table  below.  The  values  are  stated  in 
terms  of  percentages  of  two  sets  of  design  ultimate  load  criteria:  (1) 
design  ultimate  loads  per  test  plan  and.  (2)  design  ultimate  loads  per  BSD 
Exhibit  66-oA 


SUMMARY  OF  MAXIMUM  APPLIED  LOADS 


MISSILE 

FLIGHT  LOAD  CONDITION  |l> 

LAUNCH  LOAD  CONDITION  g>  | 

STRUCTURAL 

X  OF  DESIGN  ULTIMATE  LOADS  PER  |  \ 

COMPONENT 

TEST  PLAN  l2> 

BSD  6S-6A  {4> 

TEST  PLAN  |3>  { 3SD  G6-6A  1^3 

MGS 

12Q  ^ 

97 

137  '  j  I2S 

135  }  127 

135  |  131 

P3PS 

119 

100 

STG  III  FWD.  SKIRT 

119 

100 

II-III  INTERSTAGE 

132 

116 

l£s£  Reference  10  Section  4 

Flight  Loads  consist  cf  combined  axial  compression, shear  d.  bending  mom. 
Launch  Loads  consist  of  combined  axial  compression  plus  overpxessure. 
Design  ultimate  test  loads  (reference  1)  were  based  on  loads  resulting 
from  final  flight  trajectories  and  launch  environments. 

BSD  EXHI3IT  66-6A  loads  were  based  on  early  preliminary  flight  traject¬ 
ories  and  launch  environment. 


A  summary  of  tha  test  program  including  applied  test  loads  is  shown  in 
Table  1.4—1  page  106.  Table  1.^2  page  107,  shows  the  maximum  loads  ap¬ 
plied  to  each  missile  section. 

Stiffness  determination  tests  were  conducted  on  all  test  stack-ups  to  obtain 
lo3d-def lection  characteristics.  This  phase  of  the  test  program  is  presen¬ 
ted  in  Section  7  beginning  on  page  700.  Stiffness  results  are  tabulated  in 
Tables  7.6-1  through  7.6-5  on  pages  720  through  723.  Conclusions  and  rec- 
ossaendations  are  as  follows: 

1.  Tha  local  rotation  or  bulging  or  the  Minuteman  joi.nts  has  been  identified 
as  an  important  contributor  to  the  stiffness  of  joints. 

2.  The  joint  rotation  effect  can  lead  to  erroneous  readings  with  the  present 
method  of  electronic  deflection  indicator  (EDI)  measurement. 

3.  Stiffness  measurements  on  future  testing  should  include  instrumentation 
to  measure  local  rotation  of  the  EDI  attacknenc  clios. 
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1.4  SDHHASY  (Continued) 


4.  The  test  stiffness  values  obtained  for  the  Stage  ill  notor  and  the 
joints  forward  of  the  Stage  III  notor  should  be  used  in  £•_ .  jre  ana¬ 
lytical  studies. 

5.  The  test  stiffness  values  for  the  II-III  interstage  and  tb.e  nissile 
sections  forward  of  the  third  stage  notor  should  not  be  used  without 
correcting  for  joint  rotation. 

6.  It  Is  recommenced  that  further  analysis  be  performed  to  establish 
nodels  for  stiffness  evaluation  of  Hinutesan  nissile  joints. 
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TABLE  1.4-1  SUMMARY 


TOST 

HUMBER 

TOST 

oats 

TOST  SPECBEN 

TOST  C03DHIQH3 

MAXIMUM  APPLIED  T 

?Hps 

^in-kips 

V 

332- -L 

7-9-68 

R/S  FRUSTUM  ft  SHROUD 

HOD  72,  MGS,  PBPS 

SILO  LAUNCH 

54.63 

— - 

— 

STAGE  IH  FWD.  SORT 

(stags  i  ignition) 

- 

333-L 

7-18-68 

R/S  FRUSTUM  &  SHROUD 

MGS,  PBPS,  STAGS  HI 

SILO  LAUNCH  TO 

FWD  SKIRT 

DESTRUCTION 

76.8 

6-20-68 

S/S  FRUSTUM  &  SHROUD, 

6-18-68 

HOD  72,  MGS,  PEPS, 

WIND  SHEAS  (MAX  qw) 

15.2 

827 

12.' 

HMH 

WIND  SHEAR  (MAX  q«) 

15*2 

841 

12  J 

WIND  SHEAR  (MAX  q«) 

20.9 

1460.8 

15-3 

R/S  FRUSTUM  & 

MAX.  AXIAL  LOAD  FACTOR 

18.5 

526.6 

5.1 

333-F 

6- 5-68 

SHROUD,  MGS,  PHIS, 

STAGE  n  IGNITION 

26.0 

754.1 

8.: 

PHASE  I 

STAGE  OT  MOTOR 

(58.6  SEC) 

STAGE  n  IGNITION 

25.0 

755.0 

8.2 

(68.6  SEC} 

STAGE  n  BURNOUT 

12.9 

15.5 

o.< 

6-11-68 

R/S  FRUSTUM,  MGS,  PBPS, 

STAGE  in  IGNITION 

20.55 

186.2 

1/ 

PHASE  H 

STAGE  III  MOTOR 

STAGE  III  THRUST  TERM. 

22.11 

41.76 

0.: 

6-25-68 

SAME  AS  FOR  PROGRAM- 

IESTRUCTION 

24.81 

1535 

16.: 

JESTRUC3? 

MED  TEST,  PHASE  I 

WIND  SHEAR  (MAX  q«) 

68.2 

2530 

10.: 

3U5-F 

4-10-68 

STAGE  III  MOTOR, 

MAX.  AXIAL  LOAD  FACTOR 

88.2 

650 

2.; 

II-III  INTERSTAGE 

STAGE  II  IGNITION 

106.9 

1122 

3-: 

STAGE  II  FWD  SKIRT 

STAGE  n  BURNOUT 

50 

227 

o.< 

SAME  AS  FOR  PROGRAM- 

IESTRUCTION 

87.6 

3291 

13.: 

MED  TEST 

[£>  STAGE  III  MOTOR  INTERNAL  PRESSURE 


d>  A  TEST  NUMBER  SCHEME  WAS  ESTABLISHED  BASED 
ON  THE  FOLLOWING  EXAMPLE: 

?32-L 

~  "E-SILO  LAUNCH  CONDITION 


r 


SECTION  32  (MOD  7E)  INCLUDED 
MINUTEMAN  III  MISSILE 


the  JBrtZJEfjJgZ  COMPANY 


SU!-2*AHY  0?  TEST  PRC  .RAM 


APPLIED  TFiT  LOADS 


12-75 

1 

i  28 

12.83 

28 

15-^ 

28 

5-5 

28 

8.1 

28 

8.2 

28 

0.93 

28 

1-73 

561 

0.376 

628 

16.1 

28 

IO.32 

28 

2.:  9 

28 

3-53 

23 

0.0 

28 

13-3 

28 

36*30* 

36*30* 
36"  30* 


36*30' 

36*30* 

3.6*30* 


jmsxarxx «r~— 


225-3" 


225.3" 

225.3" 


257.V 

257-V* 

257-V* 

257-^ 

257-^” 
257- V* 
257-4" 

257-4*’ 


35?’ 
359  " 
359  " 
359  " 

359  " 


NUMBER 
REV  ITR 


HEAT 

FAUCRE  L0CAS3GH 

50 

HONE 

EUCELX5S  15  THE 

50 

MSS,  PBPS  AHD 

STAGS  HI  FWD. 

50 

HOIS 

50 

KOKS 

XES 

EORE  HIRING 

IBS 

PR0SA1WSD  PORTION 

YES 

YES 

YES 

YES 

1  .  - 

KO 

AFT  END  OF  STAGE 
III  MOTOR  CASE 

YES 

NONE 

YES 

YES 

YES 

20 

AFT  BAY  OF  H-HI 
35TERSTAGB 

REPORT 
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1.5  TEST  OBJECTIVES 

The  test  objectives  were; 

a.  To  confirm  that  the  Stage  IIl/PBV  primary  structures  ara  structurally 
coEpatible  in  the  launch  and  powered  flight  environment  and  that  the 
Stage  n/n-III  Interstage/Stage  III  structures  are  structurally  com¬ 
patible  in  th8  powered  flight  environment. 

b.  To  determine  the  ultimate  capability  of  the  test  specimen  by  continuing 
to  increase  the  loads  for  the  critical  condition  until  the  specimen 
fails. 

c.  To  obtain  the  load-deflection  characteristics  of  the  test  specimen. 

1.6  TEST  FACILITIES 

The  tests  were  conducted  at  Boeing  Structures  Laboratory  Facilities  Kent, 

Washington  by  the  Structural  Test  Engineering  Group  with  technical  assis¬ 
tance  from  Boeing  Minuteaan  Structures  Technology. 

1.7  TEST  DATA  . 


All  instrumentation  data  and  monitored  loads  were  recorded  and  reduced  by 
the  aid  of  a  computer.  The  recorded  data  is  shown  in  T2-3656-1  through  -A 
(reference  2)  and  T2-3657-2  (reference  3)  and  T2-3657-3  (reference  4) . 

Only  selected  data  is  shown  plotted  in  this  document.  All  strain  gage 
data  shown  in  this  document  are  the  incremental  strains  (converted  to 
stress)  from  an  original  condition  at  which  the  strain  gages  were  zeroed. 
The  test  procedure  paragraph  in  each  section  indicates  the  zero  gage 
reading  condition.  In  all  cases,  the  effect  of  the  PBCS  internal  dead 
weights  has  been  zeroed  out.  Data  obtained  before  and  after  installing 
these  dead  weights  is  given  in  the  data  reports  (references  2,  3  and  4) . 

In  all  plots  of  stress  vs.  test  load,  the  test  load  is  the  planned  per¬ 
centage  of  test  load  at  that  increment  at  which  the  gages  were  read. 

Actual  test  loads  at  these  increments  are  shown  in  the  test  condition  sub¬ 
sections.  The  above  considerations  generally  had  negligible  effects  on 
the  results  of  this  document  though,  where  they  were  significant,  they 
were  included. 
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2.0  STAGE  m/PBV  R&D  LAUNCH  CONDITION  TESTS  (332-L) 

2.1  TEST  SPECIMEN 

The  332-L  Test  Specimen  consisted  of  the  aft  section  of  the  R/o  including 
a  portion  of  the  Shroud  (G.E.  part  nurrher  67J53362G1,  S/H  G03I3),  the  R/S 
Frustum  (67J55705G1,  S/N  G031B)  and  u  V-Band  Assembly  (67J54865,  S/N 
G031B).  Also  included  were  a  Mod  7®  wafer  (25-61767-20),  an  MGS  section 
(Autonetics  part  number  8537-4COOC1-1, .  S/N  BTU  0200),  a  PBPS  section 
(Autonetics  S537-5COOC1-1, .  S/na4X0u09),  a  Stage  IIl/Fi  V  Separation  Joint 
(25-60282-I,  S/N  000C017 ), a  Stage  III  Motor  Forward  SkJvt  (AGC  1143927)  and 
an  operational  Stage  III  forward  R/W  crp  (25-62157-1)  with  attach  base 
(AGC  1146695-7).  Figures  2.1-1  thru  2.1-10  show  the  test  specimen  which 
was  complete  in  all  details  affecting  structural  strength,  stiffness  and 
load  distribution  except  for  the  omission  of  insulation.  The  assembled 
integrated  specimen  is  shown  in  Figure  2.2-3.  A  cross  section  of  the 
specimen  giving  the  dimensional  survey  locations  is  shown  in  Figure  2.1-11 
and  the  dimensional  survey  is  shown  in  Tables  2.1-1  thru  2.1-5. 

2.2  TEST  SETUP 

Figure  2.2-1  shows  a  schematic  of  the  test  setup.  The  complete  specimen 
with  load  adaptors  was  enclosed  in  a  pressure  tank  (shown  in  Figure  2.2-2). 
The  setup  with  the  pressure  tank  omitted  is  shown  in  Figure  2.2-3.  Pres¬ 
surised  water,  between  the  tank  and  sealed  specimen,  provided  the  over¬ 
pressure  loads.  This  water  pressure  acting  vertically  on  the  Shroud  and 
Shroud  adaptor  provided  100$  of  the  shroud  axial  compression  load.  The 
Frustum  axial  load  was  supplied  by  a  vertical  pressure  component  acting 
on  the  Frustum  load  adaptor  and  by  an  internal  jack  loading  thru  an  evener 
system.  Lead  weights  applied  constant  axial  load  to  the  interna),  structure 
of  the  PBC3.  The  pressure  and  jack  loads  were  controlled  by  a  manually 
operated  servo  control  system. 

2.3  TEST  INSTRUMENTATION 

Strain  gage  channels  were  located  and  identified  as  shown  in  Figures 
2.3-1  thru  2.3-5-  Photographs  of  selected  strain  gage  installations  are 
given  iu  Figures  2.3-6  thru  2.3-12.  Test  data  were  recorded  at  each  in¬ 
crement  of  applied  load  and  are  shown  in  reference  3 . 

2.4  TEST  CONDITIONS 

The  Launch  condition  loads  of  axial  compression  and  overpressure  were 
applied  in  increments  to  100$  of  test  load  (from  reference  l).  The  PBCS 
internal  structure  was  loaded  with  2.0  kips  on  the  MGS  bulkhead  and  3.3 
kips  suspended  from  the  PBPS  internal  beams.  The  test  setup  load  geo¬ 
metry  is  shown  in  Figure  2.4-1.  Figures  2.4-2  thru  2.4-6  present  the 
planned  and  actual  test  loads  of  overpressure  and  compression. 
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2.5  TEST  PROCEDURE 

The  strain  gages  were  zeroed,  with  the  internal  dead  weights  and  the 
load  heads  on  the  specimen,  prior  to  filling  the  tank  with  water.  Two 
hours  snd  20  minutes  later  the  strain  gages  were  read  after  tne  tank  had 
been  filled.  The  test  was  then  run  in  increments  to  100$  load  (from 
reference  l) .  After  unloading  the  pressure  and  compression  loads,  zero 
load  gage  readings  were  taken.  The  gages  were  again  read  after  the 
water  was  drained. 

2.6  TEST  RESULTS 

Selected  strain  gage  data  are  shown  plotted  in  Figures  2.6-1  thru  2.6-9. 

1  tabulation  of  all  test  data  acquired  is  given  in  reference  3.  The 
strain  gage  data  and  visual  inspection  verified  that  the  specimen  had 
successfully  sustained  the  test  loads  without  loss  of  structural  capa¬ 
bility. 

2.7  TEST  CONCLUSIONS 

This  test,  on  the  R  &  D  configuration,  showed  that  the  R/S^iod  7Ey4lGS 
specimen  was  capable  of  withstanding  100$  of  the  launch  load  environment 
specified  in  reference  1.  The  relatively  low  stresses  in  the  Mod  7E  and 
a  comparison  of  the  stresses  in  the  adjacent  structures  in  this  test 
with  their  stress  levels  in  the  333-1*  failure  test  (see  section  3.6)  indi¬ 
cates  that  a  minimum  gage  R  &  D  specimen  could  also  sustain  these  loads 
and  would  have  an  ultimate  capability  similar  to  the  operational  config¬ 
uration. 
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3.0  STAGE  III/PBV  OPERATIONAL  LAUNCH  CONDITION  PAILUFE  TEST  (333-L) 

3.1  TEST  SPECIMEN 

The  333-L  test  specimen  usee  the  seme  hardware  described  in  Section  2.1 
with  the  exception  of  the  K3D  7E  wafer  which  is  not  included  in  the 
operational  configuration.  See  Section  2.1  for  description,  photo¬ 
graphs  and  dimensional  surveys  of  the  test  specimen.  Figure  3.2-2 
shews  the  integrated  specimen  sealed  with  a  coat  of  sealant, 

3.2  TEST  SETUP 


Figure  3.2.1  show's  a  schematic  of  the  test  setup.  Figure  3.2-2  shows 
a  photograph  of  the  setup  before  installation  of  the  pressure  tank. 

The  complete  specimen  with  load  adaptors  was  enclosed  in  a  pressure 
tank.  Pressurized  water,  between  the  tank  and  sealed  specimen,  pro¬ 
vided  the  overpressure  loads.  This  water  pressure  acting  vertically 
on  the  Shroud  arc  Shroud  adapter  provided  100?.  of  the  shroud  axial 
compression  load.  The  Fru<  •"  axial  load  was  supplied  by  a  vertical 
pressure  component  acting  or  he  Frustum  load  adaptor  and  by  an  inter¬ 
nal  jack  loading  thru  an  evener  system.  Lead  weights  applied  constant 
axial  load  to  the  internal  structure  z£.  ne  PBCS.  The  pressure  and 
jack  loads  were  controlled  by  a  manually  operated  servo  control  system. 

3.3  TEST  INSTRUMENTATION 

Strain  gage  channels  were  located  and  identified  as  shown  in  Section  2, 
Figures  2.3-1  through  2.3-5,  except  for  the  omission  of  the  MOD  7E  and 
its  gages.  Test  data  were  recorded  at  each  increment  of  applied  load 
up  to  100Z  test  loads.  Above  100Z  test  load,  loading  was  continuous 
(annually)  and  gages  were  read  continuously  (approximately  once  each 
1.5  seconds). 


3.4  TEST  CONDITIONS 

The  Launch  condition  loads  of  axial  compression  and  overpressure  were 
applied  in  increments  of  100Z  of  test  load  (from  reference  1).  Loads 
w*are  then  increased  continuously  to  failure.  The  PBCS  internal  struc¬ 
ture  was  loaded  with  2.0  kips  on  the  MGS  bulkhead  and  3.3  kips  sus¬ 
pended  from  the  PBPS  internal  beams.  The  test  setup  lead  geometry  is 
shown  in  Figure  3.4-1.  Figures  3.4-2  through  3.4-5  present  the  plan¬ 
ned  and  actual  test  loads  of  overpressure  and  compression. 

3.5  TEST  PROCEDURE 

The  strain  gages  were  zeroed,  with  the  internal  dead  weights  and  the 
load  heads  on  the  specimen,  prior  to  filling  the  tank  with  water.  Two 
hours  later,  after  filling  the  tank  with  water,  the  strain  gages  were 
again  read.  The  test  was  then  run  with  loads  applied  incrementally 
to  1007.  load.  Loads  above  1007.  were  then  applied  continuously  to  fail- 
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3.5  TEST  PROCEDURE  (COOT.) 

ure.  When  additional  load  could  no  longer  be  supported  the  loads  were 
brought  back  to  zero  where  zero  gage  readings  were  taken  before  and 
after  the  water  was  drained. 

3.6  TEST  RESULTS 

Figures  3.6-1  thru  3.6r-ll  show  photographs  of  the  buckled  specimen. 

Selected  strain  gage  data  are  shown  in  Figures  3.6-12  through  3.6-22. 

A  tabulation  of  all  test  data  acquired  is  given  in  Reference  3.  In¬ 
spection  of  the  test  data  showed  that  initial  buckling  occurred  in  the 
PBPS  section  at  118Z  of  test  load  between  220°  and  270*  in  both  the 
forward  and  aft  bays  (See.  Figures  3.6-19,  3.6-20).  At  1207.  load, 
further  buckling  appeared  in  the  PBPS  between  73°  and  90°  (See  figure 
2.6-21).  The  specimen  continued  to  carry  load  to  approximately  1357. 
of  test  load  when  he  MGS  and  Stage  III  forward  skirt  buckled.  On 

inspection  extensive  buckling  was  found  in  both  bays  of  the  HGS  bet¬ 

ween  285°  and  73°  (thru  0°).  A  single  buckle  was  found  in  the  Stage 
III  forward  skirt  between  180*  and  the  Raceway  Cutout.  Strain  gages 
in  these  areas  of  the  MGS  and  Stage  III  forward  skirt  are  atm-'.jg  the 

plots  shown.  The  operational  Stage  III  forward  skirt  R/V?  cap  which 

bad  sustained  the  232-L  loads  also  sustained  the  1357.  loads  in  thi« 
test.  The  following  table  summarizes  the  ultimate  loads  sustained 
by  each  specimen  and  the  loads  at  which  initial  buckling  occurred  in 
the  PBPS. 


SECTION 

STATION 

LOADS 

AT  FAILURE 

PRES,  (psi; 

COMP,  (kips)  j 

R/S 

225.3 

30,  ao 

77.1 

MGS 

238.5 

31.3  (27.16) 

79.1  (68.46) 

PBPS 

257. 4 

32.0  (27.94) 

82.4  (71.76) 

STC.  Ill 

_ 

(  )  indicates  loads  st 

which  initial  buckling  oc¬ 
curred  in  the  PBPS. 

3.7  TEST  CONCLUSION 

The  test  specimen  sustained  the  ultimate  loads  (approximately  1377.  of 
*:he  reference  1  loads)  shown  in  paragraph  3.6.  These  loads  were  also 
higher  than  the  BSD  Exhibit  66-6 A  design  ultimate  silo  launch  loads 
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3*7  TEST  CONCLUSIONS  (CGNT.) 
as  is  shown  in  the  following  t&wle: 


STATION 

BSD  LOADS 

7  OP  3SD  LOADS 

AT  FAILURE 

OVER  PRES. 

COMPRESSION 

OVERPRESSURE 

AXIAL  COMPRESSION 

(psi) 

(kips) 

225.3 

22.6 

71.4 

1361 

1087. 

238.5  * 

23.0 

74.6 

136.57. 

1067. 

257.4 

23.6 

79.0 

1367 

1047 

The  two  percentages  given  above  (one  for  overpressure  and  one  for  com- 
presslon)  can  be  used  to  conservatively  calculate  (assuming  uniform  cylindrica 
sections)  an  equivalent  single  percentage  of  the  BSD  loads.  The  over¬ 
pressure  load,  being  the  more  critical,  has  the  greatest  affect  on  the 
equivalent  single  ultimate  percentage,  though  the  affect  of  each  load 
also  depends  on  the  structure  geometry.  The  following  ultimate  capabil¬ 
ities  were  calculated*  See  Section  8  for  calculations. 


SECTION 

TEST  SPECIMEN 

ultimate  capability 

(7.  OF  BSD  LOADS) 

HGS 

1287 

PBPS 

1277 

STAGE  III  F«D 

1317 

SKIRT 

The  above  results  are  not  adjusted  for  a  minimum  gage  specimen.  Conserv¬ 
ative  calculations  using  a  t  relationship  and  assuming  a  uniform  speci¬ 
men  of  the  highest  recorded  thickness  in  the  buckled  areas  give  the  fol¬ 
lowing  results. 


SPECIMEN 

TEST  GAGE 
(IN) 

MINIMUM 

GAGE 

(IN) 

REDUCTION 
FACTOR 
(<*  t3) 

CAPABILITY  OF 
MINIMUM  GAGE 
(7  BSD) 

MGS 

.101 

,099 

.94 

1207 

PBPS 

.115 

.113 

.95 

1217 

STAGE  III 
SKIRT 

.158 

,150 

.85 

1127. 

A  minimum  gage  specimen  therefore,  would  be  capable  of  supporting  the 
reference  1  loads  and  the  BSD  Exhibit  66-6A  design  ultimate  loads.  Con¬ 
servative  ultimate  capabilities  of  test  specimen  sections  are  as  shown  in 
the  above  table. 


*  BSD  load  interpolated  from  loads  at  225.3  and  257.4. 
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4.0  STAGS  1II/P3V  R&D  FLIGHT  CONDITION  TESTS  (332-F) 

4.1  TEST  SPECIMEN 

The  332-F  Test  Speclne;  consisted  of  the  aft  section  of  the  K/~  including 
a  portion  of  the  Shroud  (GE  Part  Nun her  67J53362G1 ,  Sf N  G031A).  the  R/S 
Frusf.mn  (GE  67J55703G1 ,  S/H  G03LA)  and  a  V— Band  assembly  (GE  67J54365, 

S/N  G03IA).  Also  included  were  a  Kod  7E  wafer  (25-61767-20),  an  MGS 
Section  (Au tone tics  Part  Number  8537-400001-1,  S/N  BT0  020i),  a  PBPS  Sec¬ 
tion  (A/H  8537-500001-1,  A/S  A4X0011),  a  Stage  II1/PBV  Separation  Joint 
(25— 602S2-1,  S/H  G000031),  and  an  empty  Stage  III  motor  ( ACC  1144233-9, 

S/H  0000019)  with  an  aft  dcce  closure  plate  (AGC  1144231-1).  Figures  4.1-1 
through  4.1-9  show  the  teat  specimen  which  was  complete  in  all  details 
affecting  structural  strength,  stiffness,  and  load  distribution.  All 
raceway  covers  and  insulation  were  omitted  from  the  test  specimen.  A 
cross-section  of  the  specimen  giving  the  dimensional  survey  locations 
is  shown  in  Figure  4,1-10  and  the  dimensional  survey  results  are  shown 
in  Tables  4.1-1  through  4.1-6. 

4.2  TEST  SETUP 

Figure  4.2-1  shows  a  schematic  of  the  test  setup.  Loading  heads  and 
adapters  were  used  to  introduce  loads  to  the  specimen.  A  lateral  jack 
introduced  the  shear  load  through  the  forward  shroud  loading  head.  Four 
longitudinal  jacks  applied  an  axial  load  and  a  pure  couple  component  of 
the  moment  to  the  shroud.  Two  longitudinal  jacks  applied  an  axial  load 
to  the  frustum.  A  seventh  longitudinal  jack  applied  axial  compression 
through  the  aft  dome  closure  plate  of  the  Stage  III  motor.  Lead  weights 
applied  constant  axial  load  to  the  internal  structure  of  the  PBCS.  The 
empty  Stage  III  motor  was  internally  pressurized  to  28  psi  with  water  in 
order  to  simulate  the  increased  buckling  capability  of  an  operational 
motor.  All  loads  were  programmed  through  the  SDS  910  computer  and  ap¬ 
plied  by  servo-controlled  jacks.  The  test  was  conducted  in  a  test  cell 
as  a  safety  precaution.  Photographs  of  the  test  setup  are  shown  in  Fig¬ 
ures  4.2-2  through  4.2-7s 

4.3  TEST  INSTRUMENTATION 

During  the  332-F  Tests,  selected  strain  gages  were  read.  The  strain  gage 
channels  were  located  and  identified  as  shown  in  Figures  4.3-1  through 
4.3-4.  Test  data,  including  load  cell  readings,  were  recorded  at  the  end 
of  each  increment  of  applied  load  and  are  shown  in  reference  4. 

4.4  TEST  CONDITIONS 

Prior  to  the  static  flight  condition  tests  a  set  of  16  stiffness  tests 
were  conducted  with  this  specimen.  See  section  7.0  for  details  of  these 
tests.  The  wind  shear  maximum  loads  of  axial  compression,  moment 
and  shear  were  applied  at  roam  temperature,  in  increments,  to  1007.  of 
the  reference  1  test  loads.  Conditions  332-F  (a)  and  332-F  (b),  per  ref¬ 
erence  1,  applied  the  maximum  line  load  at  the  0a  and  36c30’  azimuths 
respectively.  The  PBCS  internal  str  cture  was  loaded  with  2.0  kips  on 
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4.4  TEST  CONDITIONS  (CCNT.) 

the  HGS  bulkhead  and  3.3  kips  suspended  from  the  PBPS  internal  beams. 

A  stabilizing  internal  pressure  of  28  psi  va.s  applied  to  the  Stage  III 
motor  during  both  tests.  The  test  setup  load  geometry  is  shown  in  Fig¬ 
ure  4.4-1.  Figures  4.4-2  to  4.4-7  present  the  reference  I  planned  loads 
vs.  the  actual  test  load  of  axial  compression,  moment  and  shear  for  both 
tests. 

4.5  TEST  PROCEDURE 

The  strain  gages  were  zeroed  with  the  load  of  the  dead  weights  on  the 
specimen.  Strain  gage  readings,  due  to  dead  weights  only,  were  record¬ 
ed  faring  the  setup  assembly.  Test  332-F(b)  was  run  first.  Due  to  faul¬ 
ty  eixess  error  signals  in  the  automatic  load  dump  system,  3  runs  were 
conducted  prior  to  successfully  reaching  ICO 7.  test  load.  Two  tests  were 
run  to  70 "L  load  and  one  to  90%  load  when  the  automatic  dumps  occurred. 

In  the  first  test  to  70%  load  the  stage  III  motor  was  inadvertantly  left 
unpressurized.  In  all  following  tests  however,  the  motor  was  internally 
pressnrized  to  28  psi  just  prior  to  loading.  On  the  fourth  run  the  loads 
were  successfully  increased  incrementally  to  100%  loads.  After  rotating 
the  specimen  the  332-?{a)  test  was  run  following  the  same  procedure  as 
in  the  332-P (b)  test.  Two  runs  were  necessary  since  the  first  try  was 
discontinued  at  5 0%  load  to  find  the  reason  for  improper  loading  in  one 
jack. 

4.6  TEST  RESULTS 

Selected  strain  gage  data  are  shown  plotted  in  figures  4.6-1  through 
4.6-16.  A  tabulation  of  all  test  data  acquired  is  given  in  reference  3. 
The  strain  gage  data  and  visual  inspection  after  each  test  verified  that 
the  specimen,  had  successfully  sustained  the  test  loads  with  no  detri¬ 
mental  yielding. 

4.7  TEST  CONCLUSIONS 

The  successful  conduct  of  test  conditions332-F(a)  and  332-F(b)  satisfies 
the  objectives  of  reference  1  test  plan  and  structurally  confirms  that 
the  integrated  Stage  X1I/PBV  stackup  structurally  sustains  1007.  test 
ultimate  loads  during  the  wind  shear  maximum  q<*-  flight  condition. 

Though  the  specimen  was  only  loaded  to  1007.  loads  the  strain  gage  data 
showed  that  the  R/S/Mod  7E/MUS  integrated  structure  was  not  dangerously 
stressed  and  therefore,  minimum  gage  RAD  specimens  would  also  be  expect¬ 
ed  to  sustain  the  1007,  test  loads. 
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5.0  STAGE  III/PBV  OPERATIONAL  FLIGHT  CGHDITIGN  TESTS  (333-F) 

5.1  TEST  SPECIMEN 


Tne  333-F  test  specimen  used  the  same  hardware  described  in  section  4.1  with 
the  exception  of  the  MOD  7E  wafer  which  is  not  included  in  the  operation¬ 
al  configuration.  See  section  4.1  for  description,  photographs  and  dimen¬ 
sional  surveys  of  the  test  specimen. 

5.2  TEST  SETUP 

Three  test  setups  were  used:  Phase  I,  .Phase  II  and  .Failure  conditions. 

Figure  5.2-1  shows  a  schematic  of  the  Phase  I  and  Failuie  test  setups. 

Figure  5.2-2  shows  the  Phase  II  test  setup.  The  Phase  i  and  the  Failure 
test  runs  introduced  loads  through  the  Shroud  and  the  Frustum.  In  these 
two  tests  two  lateral  jacks  introduced  the  shear  load  through  the  forward 
loediug  heads.  Four  longitudinal  jacks  applied  an  axial  load  and  a  pure 
couple  component  to  the  Shroud.  Two  longitudinal  jacks  implied  an  axial  load 
and  a  pure  couple  component  to  the  Frustum.  A  seventh  l< ngitudinal  jack 
applied  axial  compression  thru  the  aft  dome  closure  plate  of  the  Stage  III 
motor. 

The  Phase  II  test  setup  did  not  use  an  R/S  Shroud  and  therefore,  all  loads 
thru  the  R/S  were  introduced  thru  the  Frustum  in  the  setup  described  above. 

The  Phase  I  and  Phase  II  tests  used  heat  lamps  to  supply  the  required  temp¬ 
eratures.  See  Figures  5.2-3,  5.2-4  and  5.2-5  for  photographs  of  the  heat 
jig  and  lamps.  The  heat  lamps  were  removed  for  the  failure  test  and  the 
Shroud  replaced  (it  had  been  removed  for  Phase  II)  to  give  the  setup  shown 
in  Figure  5.2-6. 

In  the  Phase  II  test  a  Kobe  Triplex  Pump  was  used  to  provide  the  necessary 
water  pressure  inside  the  Stage  III  motor  to  simulate  operating  pressures. 

In  the  Phase  I  and  Failure  tests  the  28  psi  stabilizing  pressure  was  sup¬ 
plied  by  the  city  water  pressure. 

Lead  weights  applied  constant  axial  load  to  the  PBCS  structure.  All  jack 
and  pump  pressure  loads  were  programmed  thru  the  SDS  910  Computer  and  ap¬ 
plied  thru  a  servo-controlled  system.  Heating  was  manually  controlled  using 
control  thermocouples  and  Ignitron  Power  Controllers  shown  in  Figure  5.2-7. 

5.3  TEST  INSTRUMENTATION 

Strain  gages,  located  and  identified  in  Figures  5.3-1,  5.3-2,  5.3-3  and 
5.3-4,  were  recorded  during  all  of  the  333-F  tests.  During  the  programmed 
Phase  I  and  Phase  li  tests  data  thermocouples,  located  at  each  gage  location 
in  heated  zones  and  at  locations  shown  in  Figures  5,3-5  thru  5.3-10,  were 
also  read.  Test  data  and  load  cell  readings  were  recorded  at  the  rate  of 
192  channels  per  second  (each  channel  read  approximately  every  2  seconds) 
except  up  to  1007.  of  the  Failure  test,  when  they  were  read  at  the  end  of 
each  increment  of  applied  load.  These  recordings  are  shown  in  reference  4. 
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5*4  TEST  CONDITIONS 

5*4.1  PROGRAMMED  POWERED  FLIGHT  SN7IR0HKEKT 

Phase  I  and  Phase  II  of  the  Programed  Test  applied  the  continuous 
loads  and  heat  of  the  powered  flight  environment  from  the  critical  wind 
shear  max.  q*c  condition  thru  the  Stage  HI  thrust  termination  con¬ 
dition.  Loads  and  temperatures  were  from  reference  1  with  the  exception 
of  the  5  second  hold  of  the  wind  shear  condition  (30-35  seconds) 
the  immediate  reduction  of  the  loads  after  the  Stage  II  Ignition  con¬ 
dition  in  Phase  I  and  the  Stage  III  Ignitior  condition  in  Phase  II 
(see  5*4iFigures  and  reference  5).  The  Phase  I  portion  of  the  powered 
flight  environment  test  included  the  "shroud  on"  conditions  of  Wind 
Shear,  Maxima  Axial  Load  Factor,  Stage  II  Ignition  (2  possible  con¬ 
ditions)  and  Stage  II  Burnout.  The  actual  loads  were  generally  higher 
than  planned  except  during  the  low  load  condition  prior  to  Stage  II 
Burnout  when  loads  were  lover  than  planned.  The  Stage  III  motor  was 
internally  pressurized  to  23  psi  to  simulate  the  added  stability  of  a 
motor  with  propellant.  A  load  of  21.5  kips  was  applied  to  the  aft  bo3s 
of  the  Stage  III  motor  to  reduce  the  tension  load  at  the  Stage  III 
do tor  aft  interface.  Figures  5-4. 1-1  thru  5*4.1-11  show  Phase  I  load 
geometry,  loads  and  wind  shear  condition  line  loads.  Figures  5*4.1-12 
thru  5*4.1-17  show  control  thermocouple  locations  and  typical  temper¬ 
ature  history  curves  during  the  test.  Figure  5.4.1-18  shows  data  and 
control  thermocouple  response  to  the  heat  environment  at  t=>8.6  seconds 
of  test  time . 

The  Phase  II  portion  of  the  powered  flight  environment  test  included 
the  "shroud  off"  conditions  of  Stage  III  Ignition  and  Stage  III  Thrust 
Termination.  The  actual  loads  were  slightly  lover  than  planned  and 
the  Stage  III  motor  internal  pressure  (simulating  notor  bum  pressures) 
reached  its  peak  value  later  than  planned.  Figures  5*4.1-19  thru  5*4.1- 

27  show  the  Phase  II  load  geometry,  l^ads  and  Stage  II  ignition  line 
loads.  Figures  5*4.1-28  and  -29  snow  control  thermocouple  temperature 
history  curves  during  the  test.  Figure  5*4.1-30  show  data  and  control 
thermocouple  response  to  th.-  heat  environment  at  t-  25*7  seconds  of 
test  time. 

5.4.2  FAILURE  CONDITION 

The  critical  Wind  Shear  condition  loads  (from  reference  1)  were  in¬ 
creased  incrementally  to  failure.  Testing  was  at  room  temperature  with 

28  psi  internal  stabilizing  pressure  in  the  Stage  III  motor.  The  load 
geometry  was  the  same  as  that  shown  for  the  programmed  Phase  I  test  as 
shown  in  Figure  5*4.1-!.  Figures  5. 4. 2-1  thru  5*4. 2-4  show  the  test 
loads.  A  maximum  load  of  34,3  kips  (at  120$)  instead  of  the  reference  1 
planned  load  of  21.5  kips  was  applied  to  the  Stage  III  motor  aft  dome 

to  furtner  reduce  the  tension  load  at  the  aft  Stage  III  Motor  interface. 
Though  loads  were  not  increased  over  120$  during  the  test  (failure  was 
at  120$)  the  planned  loading  after  reaching  120 $  was  to  have  changed 
so  as  to  reduce  the  bending  loads  on  the  Stage  III  motor.  This  would 
have  been  done  by  increasing  moment  only  by  increasing  the  pure  couple 
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5.4.2  FAILURE  CONDITION  (CONI.  ) 

from  the  longitudinal  Jacks.  The  shear  vouid  have  been  held  constant 
at  its  12C$  value  (as  vouid  have  been  the  aft;  done  load  of  34.3  hips) 
but  the  axial  compression  load  vouid  have  increased  proportionally. 

5.5  EST  PROCEDURE 

5-5.1  PFO®A]-KEB  POWERED  t  ‘GST  EnVIROSMSHT 
PHASE  I 

After  internally  pressuring  the  Stage  III  rotor  to  28  psi,  the  strain 
gages  vere  zeroed  vith  the  lead  of  the  dead  weights,  the  loading  heads 
and  the  water  on  the  specimen.  An  axial  pre  ad  vas  then  applied  to 
the  specimen  to  offset  the  veight  of  the  loading  heads.  The  SIS  910 
computer  programmer  and  the  manually  operated  heat  controllers  vere 
synchronized  at  the  start  to  provide  correct  coincidence  of  heat  and 
loads  throughout  the  test.  The  heat  and  loads  programs  vere  then  run 
continuously  through  the  critical  conditions  of  povered  flight  from 
vind  shear  thru  Stage  II  turnout.  Zero  gage  readings  vere  taken  after 
the  Stage  III  motor  case  pressure  had  been  released  and  the  specimen 
had  cooled  to  room  temperature. 

PEASE  II 


After  removing  the  Shroud,  the  strain  gages  vere  again  zeroed  vith  the 
load  of  the  water,  the  frustum  loading  head  and  the  internal  dead 
weights  on  the  specimen.  A  preload  vas  applied  to  the  specimen  to 
offset  the  frustum  loading  head  veight.  Prior  to  test  time  zero  Stage 
III  Motor  internal  pressure  van  increased  to  an  initial  350  psi  so 
that  the  required  pressure  at  Stage  III  ignition  could  be  reached  in 
25.7  seconds  of  test  time.  After  applying  the  initial  motor  pressure 
the  temperature  program  vas  begun  at  -6C  sec.  of  test  time  in  order 
that  the  specimen  vouid  be  at  the  required  temperature  at  25.7  sec.  of 
test  time  (Stage  III  ignition).  IXae  to  a  discrepancy  between  two  pres¬ 
sure  readout  systems  monitoring  the  Stage  III  motor  pressure  a  hold 
of  approximately  one  minute  vas  necessary  at  test  time  zero.  When  the 
discrepancy  vas  explained  and  remedied  (a  valve  had  not  been  opened) 
the  test  vas  continued  from  test  time  zero  with  the  initiation  of 
the  computerized  jack  leading  program.  The  test  was  then  run  to  con¬ 
clusion  as  planned. 

5.5.2  WIND  SHEAR  CONDITION  FAILURE  TEST 

The  heating  jig  was  removed  from  the  Fhase  II  test  and  the  Shroud  and 
Shroud  load  head  V6re  reassembled  to  the  specimen.  After  the  stabiliz¬ 
ing  Stage  III  Motor  Case  pressure  of  28  psi  was  applied  the  strain 
gages  were  zeroed  with  the  internal  dead  weights  and  loading  head 
dead  weights  on  the  specimen.  A  preload,  unloading  the  loading  hedd 
dead  weights,  was  then  applied,  and  the  gages  were  read.  Loading  was 
applied  incrementally  with  the  gages  read  at  the  end  of  each  incre¬ 
ment  of  applied  load. 
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5.6  TEST  RESULTS 

The  teat  specimen  successfully  su.  ^ined  the  heat  end  loads  of  the  powered 
flight  environment  as  shown  in  section  5.4*1  (Phase  I  and  Phase  II  test  con¬ 
ditions).  Figures  5.6-1  thru  -4  show  selected  strain  gagei  data  plotted  thru 

35  seconds  of  Phase  I  test  tine  (the  wind  shear  conditon  was  held  between  30 
and  35  seconds  of  test  tine) .  Host  strain  gage  data  was  lost  before  reaching 
the  next  critical  conditon  at  t  *  53.6  seconds  because  of  the  effect  of  high 

temperature  cn  the  strain  gage  bonds.  Because  of  this  no  gage  data  are  shown 

for  the  Phase  II  portion  of  testing.  This  strain  gage  data  and  a  visual  in¬ 
spection  showed  that  the  test  specimen  successfully  sustained  the  test  heat 
and  loads  without  loss  of  structural  capability.  A  tabulation  of  all  test  dati 
acquired  is  given  in  Reference  4- 

The  failure  test  was  run  by  increasing  the  wind  shear  conditon  loads  in  incre¬ 
ments  to  failure.  Failure  occurred  in  the  Stage  III  Mot.o'~  case  at  120$  of 
the  test  loads  as  shown  in  section  5.4*2.  Loads  were  per  Reference  1  except 
for  the  increase  in  the  Stage  III  Motor  aft  dome  load  from  21.5  kips  to  34*3 
kips.  Figures  5.6-5  thru  5.6-11  show  strain  gage  data  up  to  110$  of  test 
loads  when  the  last  recordings  were  taken.  Figures  5.6-12  thru  -14  are  pho¬ 
tographs  of  the  failure.  Failure  occurred  on  a  horizontal  plane  (sta  311.8 
at  the  37°  aximuth)  in  the  Stage  III  Motor  Case  between  301°  and  127°.  As 
shown  in  Figure  5.6-14,  this  is  in  the  I- joint  transiton  area  just  below  the 
rubber  fillet  runout.  This  area  was  not  expected  to  fail  and  had  been  loaded 
to  higher  line  loads  in  previous  tests  on  other  motor  eases. 

5.7  TEST  C0NCLUSI0HS 

The  integrated  R/S  /PECS/Stage  III  structure  was  shown  to  be  adequate  for  the 
heating  and  loads  environment  of  powered  flight  as  specified  in  Reference  1 . 
Actual  loads  sustained  by  the  specimen  are  shown  in  section  5.4*1. 

In  the  failure  test  the  Stage  III  motor  case  failed  unexpectedly  at  120$  of 
Reference  1  test  loads.  It  had  been  expected  that  the  motor  case  and  aft 
skirt  would  sustain  enough  load  to  force  a  failure  forward  of  the  Stage  III 
motor  (In  the  R/S.  PBCS  or  Stage  III  forward  skirt).  However,  an  improperly 
prepared  bond  (found  later  in  tests  to  be  understrength;  near  the  aft  equator, 
between  internal  longitudinal  filaments  and  the  rubber  fillet  extension,  ^ 
allowed  separation  of  layers  to  occur.  The  external  failed  layers  were  leit 
unsupported  thus  reducing  greatly  their  load  carrying  capability  and  result¬ 
ing  in  a  local  instability  failure.  A  failure  analysis  has  been  prepared^ by 
the  Aerojet  General  Corporation,  Sacramento,  and  submitted  to  SMS0/1KW- 
Reference  6. 

The  failure  test  showed  that  the  R/S  /PBCS  /  Stage  III  forward  skirt  inte¬ 
grated  test  specimen  is  capable  of  sustaining  at  least  120$  of  Reference  1 
test  loads.  Actual  loads  at  failure  are  shown  in  section  5.4.2.  maximum 
loads  applied  to  the  PBV  section,  though  approximately  120$  of  Reference  1 
loads,  were  between  97$  (at  VS-MGS  interface)  and  100$  (at  Stage  III/PBV 
Separation  Joint)  cf  the  BSD  Exhibit  66-6A  Design  Ultimate  line  loads.  At 
the  Stage  ITl/PBV  Separation  Joint  the  maximum  applied  line  load  ya3  100., 
p8r  cent  of  the  Figure  A  ultimate  line  lead  requirement. 
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6,0  II-III  INTERSTAGE  FLIGHT  CONFITION  TESTS  (345-F) 

6.1  TEST  SPECIMEN 

The  345-F  Test  Specimen  consisted  of  a  Stage  II  forward  skirt  and  dome  cut 
from  a  fired  motor  case  (AGC  Part  Humber  384041-9,  S/N  806693),  a  II-III 
Interstage  (3oeing  Part  Number  25-cu327-2,  S/N  0000103)  and  an  empty  Stage 
III  motor  (AGC  Part  Number  1144233-9,  S/l!  0000020)  with  an  aft  dome  closure 
plate  (aGC  Fart  Number  1144231-1).  Figures  6.1-1  through  6.1-3  show  the 
test  specimen  components  which  were  complete  in  all  details  affecting  struc¬ 
tural  strength,  stiffness  and  load  distribution.  All  raceway  covers  and  in¬ 
sulation  were  omitted  from  the  test  specimen.  A  cross-section  sketch  of  the 
specimen  shell  giving  locations  at  which  thicknesses  were  obtained  is  shewn 
in  Figure.  6.1-4.  The  dimensional  survey  of  material  thicknesses  is  shown 
in  Tables  6.1-1  through  6.i  4. 

6.2  TEST  SETUP 

A  schematic  drawing  of  the  test  setuo  is  shewn  in  Figure  6.2-1.  Loading 
heads  and  adaptors  were  used  to  introduce  loads  to  the  specimen.  A  hori¬ 
zontal  jack  introduced  the  shear  load  through  the  forward  loading  head.  Four 
longitudinal  jacks  applied  axial  loans  and  a  pure  couple  component  of  the 
moment.  A  fifth  longitudinal  jack  applied  axial  compression  through  the  aft 
dor."  closure  of  the  Stage  III  meter.  All  hydraulic  jack  loads  were  controlled 
by  load  cells  and  automatic  load  controllers  utilizing  serve  valves.  The 
empty  Stage  III  motor  was  pressurized  with  vater  to  simulate  the  increased 
buckling  capability  of  a  full  motor.  In  tne  programmed  heat  an^  load-  test, 
heat  lamps  were  arranged  in  zones  and  controlled  manually  with  Ignitror.  Power 
Controllers.  The -tests  were  conducted  ir.  a  test  cell  as  a  safety  precaution. 
Photographs  of  the  programmed  and  failure  test  .setups  are  shown  in  Figures 
6.2-2  and  6.2-3  respectively. 

6.3  TEST  INSTRLvZKTATJON 

Strain  gage  channels  were  located  as  shown  in  Figures  6.3-',  6.3-2  and  6.3-3. 
Additional  photographic  coverage  of  the  II-III  Interstage  instrumentation 
is  included  to  complement  the  drawings.  Figures  6.3-4  and  6.3-5  shew  the 
instrumentation  along  the  maximum  compression  and  maximum  tension  azimuths 
respectively.  The  instrumentation  added  to  the  hat  section  is  suovn  in 
Figure  6.3-6.  In  the  programmed  heat  ar.d  load  test,  data  thermocouples  './ere 
located  at  all  strain  gage  locations  and  at  other  locations  as  shjwr.  ir. 

Figures  6.3-7  and  6.3-8.  Data,  including  load  cells  and  pressure  transducers, 
were  recorded  at  a  rate  cf  192  channels  per  second  in  the  programmed  heat 
and  load  test  and  at  the  end  of  each  increment  of  applied  load  in  the  failure 
test.  Load  cell  strain  gage  and  thermocouple  data  are  shown  in  reference  2. 

6.4  TEST  CONDITIONS 


Prior  to  the  programmed  flight  test,  a  set  of  four  stiffness  tests  were 
conducted.  See  Section  7.0  for  details  of  these  tests. 
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6.4.1  PROGRAMMED  POWERED  FLIGHT  ENVIRONMENT 

The  programed  test  applied  the  continuous  heat  and  loads  cf  the  powered 
flight  environment  from  the  critical  conditions  of  wind  shear  max.  q«c 
through  the  Stage  II  burnout  condition.  The  test  setup  loading  geometry 
is  shown  o.n  Figure  6.4. 1-1.  The  actual  test  loads  of  axial  compression, 
moment  and  shear  are  compared  with  the  programmed  loads  {from  reference  1) 
in  Figures  6.4. 1-2  through  6.4. 1-5.  The  maximum  tine  load  was  at  the  seven¬ 
ty  degree  azimuth.  Eleven  heating  zones,  each  contining  two  control  ther¬ 
mocouples,  were  manually  controlled  with  Ignitron  Power  Controllers.  Fig¬ 
ures  6.4. 1-6  through  6.4.1-10  present  the  programmed  (from  reference  1}  vs. 
actual  heating  as  shown  by  the  control  thermocouples.  Figure  6.4.1-11  is  a 
pictorial  tabulation  of  data  and  control  thermocouple  readings  at  t=85  sec¬ 
onds  of  test  time. 

6.4.2  WIND  SHEAR  CONDITION  FAILURE  TEST 

The  failure  tast,  conducted  at  room  temperature,  applied  the  critical  loads 
of  the  wind  shear  maximum  q®  condition  (from  reference  I)  In  increments  to 
failure.  Maximum  line  load  was  at  the  seventy  degree  azimuth.  Figures 
6. 4. 2-1  through  6. 4. 2-5  show  the  applied  loads  and  compare  them  with  the  plan¬ 
ned  loads.  Figure  6.4. 2-4  compares  average  line  loads  at  failure  with  line 
loads  derived  from  design  ultimate  loads  as  specified  in  the  appropriate 
Figure  A  and  BSD  exhibit. 

During  the  two  flight  load  tests  the  Stage  III  motor  was  internally  pressur¬ 
ized  with  water  to  28  psi. 

6.5  TEST  PROCEDURE 

6.5.1  PROGRAMMED  POWERED  FLIGHT  ENVIRONMENT 

After  internally  pressurizing  the  Stage  III  motor  with  watei,  the  strain 
gages  were  zeroed  with  the  load  of  the  dead  weights  and  water  on  the  spec¬ 
imen.  The  Load  and  heat  programs  were  then  begun  and  run  continuously  through 
the  critical  load  conditions  of  powered  flight,  Automatic  load  programmers 
and  manaally  operated  heat  programmers  were  synchronized  at  the  start  to 
provide  correct  coincidence  of  heat  and  loads  throughout  the  test.  Zero  fcage 
readings  were  taken  after  the  Stage  III  motor  case  internal  pressure  had 
been  released  and  the  specimen  had  cooled  to  room  temperature. 

6.5.2  WIND  SHEAR  CONDITION  FAILURE  TEST 

Following  removal  of  the  heating  fixtures,  the  Stage  III  motor  was  again 
pressurized  and  the  strain  gages  were  zeroed  with  the  dead  weights  on  the 
specimen.  The  loading  of  the  specimen  and  the  recording  of  data  was  done 
incrementally.  The  loading  proceeded  to  failure,  at  which  time  the  jack 
loads  were  automatically  dumped.  After  releasing  the  pressure  in  the  Stage 
III  motor,  the  strain  gages  were  again  read  with  only  the  dead  weights  of 
the  fixture  and  water  on  the  sp^imen. 
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6.6  TEST  RESULTS 

The  test  specimen  successfully  sustained  the  heat  and  loads  of  the  powered 
flight  envirorcent  (from  Reference  1)  as  shown  in  section  6.4.1.  Selected 
strain  gage  data  are  shown  plotted,  through  40  seconds  of  test  time,  in 
Figures  6.5-1  thru  6.5-3.  (Most  strain  gage  data  after  45  seconds,  was  lost 
because  of  the  effect  of  high  temperature  on  the  strain  gage  bonds).  This 
strain  gage  data  and  a  visual  inspection  showed  that  the  test  specimen  suc¬ 
cessfully  sustained  the  test  heat  and  loads  without  loss  of  structural  cap¬ 
ability. 

The  failure  test  was  run  by  increasing  the  wind  shear  condition  loads  in 
increments  to  failure-  Failure  occurred  at  132%  of  the  test  loads  as  shown 
in  Section  6.4.2.  Figure  6.5-5,  -6  and  -7  show  the  buckling  pattern  ir. 
the  aft  bay  of  the  II-III  interstage.  The  buckling  was  centered  about  the 
70*  azirath  of  maximum  line  load  and  included  ISO*  of  the  II-III  interstage 
aft  bay.  Figures  6.5-8,  -9  and  -10  show  bucking  of  the  internal  stiffening 
rings.  The  angle  overpressure  ring  and  hat  section  nodal  ring  were  damaged 
throughout  the  section  of  buckled  skin.  Selected  strain  gage  data  are  shown 
in  Figure  6.5-11  thru  6.5-17.  These  data  indicated  initial  buckling  occur¬ 
red  between  115%  and  120%  of  test  loads  in  the  II-III  interstage  aft  bay. 
Figure  6.5-18  shews  the  local  skir  bending  as  indicated  by  strain  gages  in 
the  area  of  initial  buckling.  See  Reference  2  for  the  test  data. 


6.7 


TEST  CONCLUSIONS 


The  failure  load  of  1327.  of  Reference  1  loads  is  equivalent  to  116.8%*  of 
the  Figure  A  6560  wind  shear  maximum  design  ultimate  loads  3t  missile 

station  359.  3y  analysis  this  failure  load  is  reduced  to  111%*  for  a  mini¬ 
mum  gage  specimen.  Thu  Stage  III  aft  skirt/II-IIl  interstage/Stage  II  for¬ 
ward  skirt  integrated  structure  is  therefore  considered  to  have  satisfied 
the  Figure  A  6560  DUL  requirements  for  flight  condition  critical  load.  The 
integrated  specimen  was  also  shown  to  be  adequate  for  the  heating  and  leads 
environment  of  powered  flight  as  specified  in  Reference  1. 


*See  Section  8,  sheets  806  to  809  inclusive  for  calculations. 
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7.0  Mooraui  in  stiffhess  lctehkihatiqs  tests 

7.1  TEST  HSCRIPTIOB  AHD  TEST  SPECIHEH 

The  stiffness  determination  tests  consisted  of  the  evaluation  of  the  load- 
deflection  characteristics  for  those  sections  joints  of  the  w 

in  missile  above  the  Stage  II  motor  case.  The  tests  vere  denoted  as  the 
345-*,  332-?,  and  333-F  tests.  For  the  345-?  test,  the  II-III  interstage 
was  the  primary  test  area.  See  paragraph  6«1,  page  oOO,  for  a  detail  des¬ 
cription  of  the  test  specimen. 

The  tipper  sections  vere  tested  in  two  distinctive  configurations.  Test 
332-?  had  the  HOD  7E  wafer  inserted,  whereas  in  test  333-?  the  MOD  7E  wafer 
was  removed.  In  addition,  the  latter  two  stacks  vere  tested  in  the  shroud 
on  and  shrewd  off  configurations.  Shroud  on  and  shroud  off  Indicates  load 
application  through  the  fl/S  shroud  for  the  former  and  through  the  E/S  Frus¬ 
tum  far  the  latter.  The  fi7e  test  specimens  are  schematically  shown  in 
Figure  7.1-1.  See  paragraph  4.1,  page  400,  for  a  detail  description  of  the 
test  specimen  332-? > 

Four  runs  vere  conducted  on  each  test  specimen.  The  four  rims  consisted  of 
combinations  -  of  loads  in  the  gapped  and  butted  joint  conditions.  The  gapped 
joint  condition  was  tested  under  a  pure  tension  load,  a  pure  bending  load, 
and  a  combined  compression,  bending  and  shear  load.  The  butted  joint  condi¬ 
tion  was  tested  only  under  the  combined  compression,  bending,  and  shear  load. 
Table  7.1-1  summarises  for  each  test  the  load  conditions  and  the  joints  and/ 
or  sections  tested.  In  conjunction  with  this  table,  the  test  specimens  are 
illustrated  in  Figures  7.1-2  through  7.1-6. 

The  gapped  joint  condition  was  obtained  during  assembly  as  approximately  one- 
half  the  maximum  measured  gap  that  occurs  at  each  interface  joint  under  a 
tension  load.  The  tension  load  was  just  large  enough  to  bottom  out  the  inter¬ 
face  bolt  holes  on  the  interface  bolts.  A  compression  load  just  large  enough 
to  eliminate  the  gap  at  the  interface  joints  established  the  butted  joint 
condition.  Gaps  were  measured  and  recorded  after  each  run  to  determine  if 
joint  slip  had  occurred  and  if  regapping  was  required  prior  to  the  next  run. 

7.2  TEST  SETUP 

Hydraulic  jacks  vere  used  to  apply  the  axial,  bending,  and  shear  loads.  The 
jacks  vere  connected  to  a  load  distribution  head  which  in  turn  was  connected 
to  the  forward  end  of  the  test  specimen.  The  aft  end  of  the  test  specimen 
was  connected  to  a  fixed  load  distribution  head.  Figure  7.2-1  is  a  schema¬ 
tic  of  the  load  head  geometry. 

For  tests  345-F,  332-F  {shroud  ou),  and  333-F  (shroud  on),  four  vertical  jacks 
were  used  to  apply  the  axial  and  bending  loads.  Uniform  jack  loads  produced 
axial  tension  or  compression,  while  differential  jack  loads  produced  bending. 

A  fifth  horizontal  jack  produc'd  the  shear  load.  The  jack  locations  for  each 
teat  are  shown  in  Figures  7.1-2,  7.1-3,  and  7d-5.  Two  vertical  jacks  vere 
used  to  apply  the  axial  and  bending  loads  for  tests  332-F  (shroud  off)  and 
333-F  (shroud  off) .  Uniform  jack  loads  produced  axial  tension  or  compression, 
while  differential  jack  loads  produced  bending.  A  third  horizontal  jack  pro¬ 
duced  the  shear  load.  The  jack  locations  for  each  test  are  shown  in  Figures 
- ,nnr! „7.1«£. _ I _ _ _ 
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7.3  TEST  CONDITIONS 

figure  7.3-1  shows  the  load  sequence  for  each  test  ran.  The  type  of  load¬ 
ing  per  run  was  discussed  in  Section  7.1.  The  maximum  prescribed  values 
far  the  loads  are  given  in  Reference  1. 

7.4  HSTRMESTAIIQB 

Deflections  were  measured  by  electronic  deflection  indicators  (EDI's) .  A 
discussion  of  the  method  of  operation  of  an  EDI  is  contained  in  Reference  7. 
There  were  eight  EDI1 a  around  the  circumference  of  each  datum  (section  or 
joint)  to  be  tested,  with  two  exceptions.  In  the  332-F  (shroud  off)  and 
333-f  (shroud  off)  tests,  dual  gages  were  mounted  at  each  of  the  circumfer¬ 
ential  locations  (Figures  714  and  716) .  Thus  the  erroneous  deflection  due 
to  the  rotation  of  the  post  mount  cn  the  R/S  frustum  was  accounted  for  and 
eliminated  from  the  measured  deflection. 

Post  type  mounts,  bonded  to  the  skin  surface,  were  the  attachment  points 
far  the  Ell’s  in  test  345-F.  The  Ell's  at  alternate  datums  were  .3  and  .5 
inches  from  the  skin  surface  with  the  exception  of  run  #4,  datum  4  as  shown 
in  figure  7.1-2.  Where  the  section  or  joint  span  exceeded  the  EDI  span,  a 
wire  extension  was  used  to  connect  the  EDI  to  the  post  mount.  For  this  test 
the  EM  plus  wire  was  calibrated  as  a  unit.  In  all  other  tests  (excluding 
the  shroud  off  R/S  Frustum  attachment  point),  a  clip  type  mount  was  bonded 
to  the  surface  such  that  all  EDI's  were  approximately  .05  inches  from 
the  skin  surface.  Again  wire  connectors  were  used,  where  required,  to 
attach  the  EDI's  between  dips.  However,  the  EDI's  were  calibrated  separately 
and  a  correction  factor  based  on  the  doflection  of  the  wire  was  applied  to 
to  the  EM  deflection  to  obtain  the  joint  or  section  deflection. 

7.5  DATA  ACQUISITION  AND  REDUCTION 

The  jack  loads  and  EDI  deflections  were  recorded  at  selective  time  intervals 
on  a  SDS  910  computer.  A  library  tape  is  produced  in,  addition  to  a  prelim¬ 
inary  copy  of  the  data.  Subsequently,  the  data  are  converted  into  a  Fortran 
tape  for  use  by  a  principal  loads  and  deflections  program  on  the  IEM  7094. 

The  program  (described  in  Reference  7)  produces  punched  cards  and  plots  of  . 
axial  force  versus  axial  deflection  and  moment  versus  rotation  for  each  tine 
increment.  A  second  program  uses  selective  punched  cnrds  to  yield  stiff ne.-? 
values  based  on  the  minimization  of  the  square  of  the  deflection  or  load 
error. 

7.6  TEST  RESULTS 

7.6.1  SAMPLE  REDUCED  DATA  -  STAGE  III  MOTOR  CASE 

As  an  example  of  the  type  of  reduced  data  produced  by  the  principal  loads 
and  deflections  program,  selective  points  generated  for  the  Stage  III  Motor 
case  are  plotted  in  Figures  7.6-1  and  7.6-2.  Stiffness  values  are  tabulated 
on  the  figures  and  converted  to  AE  and  El  values  in  Table  76-3.  The  process 
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7.6.1  SAMPLE  REDUCED  DATA  -  STAGS'  III  KOTOS  CASE  (Continued) 

by  which  displacements  measured  by  EDI’ a  at  eight  locations  around  the 
circumference  are  converted  Into  an  angular  rotation,  is  illustrated  in 
Figure  7.6-3.  From  test  333-?,  three  increments  of  deflection  corresponding 
to  three  load  increments  taken  during  the  noment  application  of  run  #4  are 
plotted  around  the  circumference  of  the  cylinder.  The  plane  (shown  as  a  line 
in  the  side  view)  for  which  the  square  of  the  deflection  error  is  a  minimum 
is  generated  by  the  principal  loads  and  deflections  program.  The  rotation 
angle  corresponding  to  this  plane  in  addition  to  the  naximum  and 
angles  using  any  two  EDI's  (excluding  the  two  EDI* a  at  the  neutral  axis) 
are  plotted  vs.  moment  in  Figure  7.6-4.  Figure  7.6-4  shows  the  scatter  of 
data  that  might  be  expected  from  measuring  stiffness  from  two  gages  as 
opposed  to  the  eight  used  in  this  test. 

7.6.2  TEST  VALDES  OF  AS  ATO  El 

Tables  7.6-1  through  7.6-5  summarise  the  results  of  the  stiffness  evalua¬ 
tion  tests.  The  stiffness  values  obtained  through  the  process  described 
in  Section  7.5  were  multiplied  by  the  appropriate  section  or  joint  length 
to  give  values  of  AS  and  El.  Also  included  in  the  tables  are  average  values 
and  theoretical  values.  The  theoretical  values  were  obtained  from  Deference 
8,  except  as  indicated.  The  joints  were  assumed  to  be  comprised  of  two 
uniform  shell  segments,  butted  at  the  joint  and  continuous.  The  error  intro¬ 
duced  by  this  assumption  is  discussed  in  Section  7.7.  Table  7.6-6  lists 
the  geometry  and  stiffness  properties  of  all  components. 
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7.7  ROTATION  ERROR 

In  the  process  of  interpret- iug  the  preliminary  results  of  runs  #1,  #2, 
and  #3  of  test  345P,  it  became  apparent  that  the  EDI  Deflection  output  was 
deviating  from  the  anticipated  output.  The  problem  area  seemed  to  be  an 
erroneous  displacement  component  due  to  rotation  of  the  post  mount  that 
was  superimposed  on  the  membrane  displacement  component.  To  confirm  this 
theory  and  to  prc. Lde  correction  information,  the  radial  location  of  the 
EDT’s  of  datum  4  ftr  run  #4  were  changed  as  indicated  in  Figure  7.H.  The 
underlying  assumptions  for  the  changes  were  as  follows: 

1)  A  comparison  of  EDI  output  would  be  made  between  runs  #3  and  #4 
of  datum  4.  The  choice  of  section  measurements  for  comparison, 
as  opposed  to  joint  measurements,  was  made  because  it  was  felt 
the  section  would  not  be  greatly  influenced  by  the  gapped  versus 
butted  configuration. 

2)  The  EDI  at  D4-202  would  remain  at  the  same  radial  location  as  in 
run  #3.  Thus  a  comparison  of  plots  of  line  load  versus  EDI  D4-202 
deflection  output  for  the  two  runs  could  substantiate  assumption 

D. 

3)  If  2)  verified  1),  then  the  five  EDI's  that  were  .5  inches  from 
the  shell  surface  during  run  #3,  and  .3  inches  from  the  shell 
surface  during  run#4,  could  be  used  to  calculate  post  rotation. 
With  the  post  rotation  known,  the  deflection  of  the  neutral  sur¬ 
face  could  be  calculated. 

4)  Tr.e  EDI  at  D4-25  was  mounted  on  the  shell  surface.  Thus,  the 
calculated  rotations  of  3)  plus  the  output  of  D4-25  run  #3  could  be 
used  to  predict  deflections  of  the  shell  surface.  The  predicted 
deflections  could  be  compared  with  the  measured  deflections  of 
D4-25  to  verify  the  technique. 

5)  With  test  rotation  angles  available,  a  theoretical  model  could 
be  developed.  This  model  could  then  be  used  to  predict  the  ro¬ 
tations  of  other  datums. 

Implementation  of  the  technique  was  not  entirely  successful.  Assumption  1) 
was  somewhat  questionable,  although  there  was  reasonable  compatibility  frc~ 
2).  The  model  of  5)  was  not  completed  satisfactorily.  Positive  results 
were  provided  by  3T  and  4).  The  stiffnesses,  corrected  for  post  rotation 
error,  were  comparable  with  theory  as  indicated  in  Table  7.6-1  In 

addition,  the  skin  mounted  EDI  proved  superior  to  the  post  mounted  EDI’s. 
Therefore,  in  succeeding  tests  a  clip  mount  was  utilized  and  in  the  shroud 
off  series, dual  gages  were  used.  The  complexity  of  the  rotation  problem 
was  not  apparent  at  this  point. 

Examination  of  the  behavior  of  two  cylindrical  shells  in  the  vicinity  of 
a  joint  reveals  the  nature  of  the  rotation  error.  Schematics  of  the  joints 
are  shown  in  Figures  7Jt2,  7>3,  7J4,  71*5  and  7Jt6.  An  illustrative  example 
indicating  the  basic  characteristics  of  such  joints  is  shown  in  Figure  7.7-1. 
Also  shown  is  the  deformation  of  the  joint  under  a  tensile  load.  Localized 
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7.7  -ROTATION  ERROR  (Continued) 

bending,  caused  by  the  load  transfer  through  the  joint,  induces  post  rotation 
which  in  turn  produces  the  erroneous  EDI  component  of  disoiaceaent.  The 
magnitude  of  the  error  for  the  idealization  of  Figure  7.7*1  is  given  by 


EDI  error  *  (-ip  +  .  3)  O,  ■*  (-vp-  +  .  3  )  &z 

Further  investigation  reveals  that  the  original  model  to  predict  joint 
stiffnesses  employed  an  approximation  that  was  too  simplified,  i.e.  that 
joints  consisted  of  continuous  cylinders  butted  at  the  joint.  The  joint  of  Figure 
7.7*1  exhibits  not  only  this  pure  membrane  extension,  but  also  the  contri- 
oution  of  the  bending  rotation  to  che  membrane  extension. 

$  rotation  -  (— £  —■  j  03  ■+ 

This  deflection  exerts  a  significant  softening  of  the  joint.  Preliminary 
conclusions  may  be  summarized  as  follows: 

1)  The  theoretical  stiffness  values  for  the  joints  should  be  considerably 
smaller  (a  softer  or  less  stiff  joint)  than  those  shown  in  Tables  7.6-1, 
7.6-2, 7.6-3,  7.6-4  and  7.6-5.  This  is  due  to  the  effect  of  the  addition¬ 
al  membrane  deflection  caused  by  localized  bending  rotation. 

2)  The  EDI  deflection  output  is  in  error  due  to  the  rotation  of  the 

clip  or  post  mount  about  the  neutral  surface  of  the  cylindrical  shell. 
This  error  is  large  for  the  post-mounted  EDI's.  For  short  spans, 
even  the  clip  mounted  EDI's  may  be  significantly  in  error.  For  long 
spans,  the  rotational  deflection  is  small  compared  to  the  overall 
deflection  and  thus  the  error  should  be  small. 

3)  The  rotational  error  of  2),  for  the  idealization  of  Figure  7.7-1 
effects  EDI  output  such  that  test  stiffness  values  for  joints  are 
softer  than  theory  and  sections  are  stiffer  than  theory.  This  is 
confirmed  in  Section  7.6.2, 

To  rectify  these  problem  areas,  two  complementary  investigations  are  required. 

The  present  inadequate  model  used  to  calculate  theoretical  joint  stiffnesses, 
tabulated  in  Section  7.6.2  should  be  replaced  by  a  model  which  incorporates  the 
coupling  of  axial  and  bending  stiffnesses.  Such  a  model  would  be  a  better 
physical  representation  of  the  joint  and  would  produce  smaller  theoretical 
stiffness  values  (or  softer  joints).  Secondly,  the  same  model  should  generate 
the  local  rotation  at  each  clip  or  post  location.  Thus  the  existing  test 
data  could  be  extrapolated  to  the  neutral  surface  of  the  shell  and  subsequently 
yield  improved  individual  stiffnesses. 
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7.7  ROTATION  ERROR  (Continued) 

The  accaaplishsent  of  the  above  objectives  is  in  progress.  Supplementary  tests 
to  produce  additional  test  values  for  local  rotations  were  performed.  A  more 
sophisticated  model  to  idealize  the  joint  is  under  developement.  The  model 
employs  the  stiffness  method  of  structural  analysis  with  advanced  cylindrical 
shell  elements.  The  use  of  offset  nodes  to  couple  axial  and  bending  stiff¬ 
nesses  simulates  the  load  transmission  through  the  joint  Although  the  model 
is  in  the  developement  stage,  preliminary  data  verifies  its  adequacy. 

The  rotation  error  would  appear  to  have  a  detrimental  effect  on  all  test  values 
of  A E  and  El.  However,  for  the  Stage  III  motor  case  and  the  joints  of  tests 
332F  and  333F  the  effect  is  minimal.  In  both  esses  the  displacement  component 
due  to  rotation  is  small  compared  to  the  displacements  to  be  measured  when 
the  clip  mounts  are  close  to  the  skin  surface. 

Two  sources  of  information  supply  verification  for  the  Stage  III  motor  c~se. 
Reference  9  is  a  test  report  on  the  Stage  lll/l&f  separation  joint.  Data 
contained  in  this  report  indicates  that  the  slope  per  unit  line  load  at  the 
forward  clip  location  on  the  Stage  III  motor  case  (Station  258.3)  is  approxi¬ 
mately  -1.2  X  10  3  radians/lb/in.  Preliminary  data  from  a  model  of  the  joint 
used  in  the  stiffness  method  of  analysis  indicates  an  angle  of  -1.5  X  10 
radians/lb/in.  At  the  aft  clig.location  (Station  317.9),  this  model 
predicts  a  rotation  of  .1  X  10  3  radians/lb/in.  From  the  analytical  model 
data,  the  relative  angle  that  has  reduced  EDI  output  is  -1.6  X  1C)  radians/lb/ir 
This  contribution  to  the  EDI  output  is  less  than  two  percent.  Although  the 
magnitude  of  this  angle  may  be  somewhat  in  question,  it  is  important  to  note 
that  the  correction  for  clip  rotation  tends  to  increase  deflections.  Thus 
the  test  values  of  AE  and  El  in  Table  7-fr3  for  the  Stage  III  motor  case  will 
decrease  when  clip  rotation  is  taken  into  account. 

The  error  introduced  into  the  EDI  measurements  is  directly  proportional  to  the 
magnitude  of  the  rotational  component  of  displacement  and  inversely  proportional 
to  the  displacement  to  be  measured.  Thus  the  error  is  decreased  when  the 
measured  displacement  is  large,  the  rotation  is  small  and/or  the  offset 
distance  of  the  EDI  from  the  neutral  surface  is  small.  The  first  and  last 
variables  are  known,  but  the  magnitude  of  the  rotation  is  a  function  of  the 
geometry  of  the  joint,  the  load,  and  the  clip  location  relative  to  the  joint. 
Preliminary  test  and  theoretical  data  form  a  basis  for  the  following  estimates 
of  percent  error  due  to  clip  rotation.  The  joints  of  tests  332F  and  333P 
are  least  affected  by  clip  rotation  due  to  large  displacements  relative  to  he 
rotation  component,  and  the  small  EDI  offset.  For  these  joints,  the  test 
values  of  AE  and  El  in  Tables  7.Wand  7.W  may  be  up  to  twenty  percent  too  small. 

The  sections  of  test  332F  and  all  stiffnesses  except  the  II-III  interstage 
forward  bay  of  test  345F  are  more  seriously  affected  by  rotation  error.  The 
rotation  is  a  significant  part  of  the  deflection  measured.  The  former 
because  the  measured  deflections  are  small.  .  The  latter  because  the  EDl's  are 
offset  from  the  skin  surface  on  post  mounts  which  accentuates  the  rotation 
displacement  component.  The  test  values  of  AE  and  El  may  be  up  to  fifty 
percent  to  small  for  the  joints  and  up  to  one  hundred  percent  too  large  for 
the  sections. 
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7.8  CONCLUSIONS  AND  RECOMMENDATIONS 

1.  The  stiffness  tests  were  completed  satisfactorily  with  stiffness  data 
obtained  on  all  missile  sections  and  joints  forward  of  the  second 

st ige  motor. 

2.  Joint  rotation  has  been  identified  as  an  important  contributor  to  the 
stiffness  of  the  joints. 

3.  The  method  of  stiffness  measurement  used  in  this  test  should  be 
modified  on  future  tests  to  incorporate  instrumentation  to  measure 
local  rotation  of  the  EDI  attachment  clips. 

4.  It  is  recommended  that  the  test  stiffness  values  for  the  third  stage 

motor  and  the  joints  forward  of  the  third  stage  be  used  in  future  analytical 
studies. 

5.  the  test  stiffness  values  for  the  2-3  interstage  and  the  missile  sections 
forward  of  the  third  stage  moto.  should  not  be  used  without  correcting 
for  joint  rotation. 

6.  It  Is  recommended  that  further  analysis  be  performed  to  establish  models 
for  stiffness  evaluation  of  Minuteman  joints. 
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TABLE  7.1-1  STIFFNESS  EVALUATION  TESTS-CONDITIONS  6.  ITEMS  TESTZD 


LOAD  CONDITION 


JOINTS  AND  SECTIONS  TESTED 


#1.  Pure  tension, joints  gapped 

#2.  Pure  bending,  joints  gapped 

#3.  Compression,  bending,  shear 
joints  gapped 

#4.  Compression,  bending,  shear 
joints  butted 


Dl.  II-III  interstage  aft 
inter-face  joint 

D2*  II-III  interstage  aft  bay 

D3.  II-III  interstage  staging 
joint 

D4.  II-III  interstage  forward 
bay 

D5.  II-III  interstage/stage  III 


332? 

(shroud 

on) 


#1.  Pure  tension,  joints  gapped 

#2.  Pure  bending,  joints  gapped 

#3.  Compression,  bending,  shear 
joints  gapped 

#4.  Compression,  bending,  shear 
joints  butted 


Dl.  Stage  IV  motor  case 

D2.  HCS/PftP5  interface  ring 

D3.  MGS 

D4.  MOD  7 E/MGS  Interface  joint 
05.  MOD  7E  Wafer 
06.  RS  aft/MOD  7E  wafer  inter¬ 
face  ring 


332? 

(shroud 

off) 


#1.  Pure  tension,  joints  gapped 

#2.  Pure  bending,  joints  gapped 

#3  Compression,  bending,  shear 
joints  gapped 

#4.  Compression,  bending,  shear 
joints  butted 


D6.  K/S  aft/MOD  7E  wafer 
interface  ring 


333? 

(shroud 

on) 


#1.  Pur^  tension,  joints  gapped 

#2.  Pure  bending,  joints  gapped 

#3.  Compression,  bending,  shear 
joints  gapped 

#4.  Compression,  bending,  shear 
joints  butted 


Dl.  Stage  III  aft  interface 
ring 

D2.  Stage  III  motor  case 

D3.  Stage  IIl/pM/separation  ; 
joint 

D4.  R/S  aft/MGS  interface  joint 


333? 

(shroud 

off) 


#1  Pure  tension,  joints  gapped 

#2.  Pure  bending,  joints  gapped 

#3.  Compression,  bending,  shear 
joints  gapped 

#4.  Compression,  bending,  shear 
joints  butted 


D4.  R/S  aft/MGS  interface  joint! 
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JACKS  PRODUCING  1 
AXIAL  &  BENDING 
LOADS (SHROUD  OF!) 


SHEAR  JACK 


&/7JFSA/G 


FORWARD  load  head 


TEST  SPECIMEN 


AFT  LOAD  HEAD 


T2-3657-1 


SH  714 


NUMBER  T2-3657-1 
REV  LTR 


IOOX  tension 


IOOX  moment 


Run  #1  Pure  Tension 


Run  #2  Pure  Bending 


IOOX  moment 
1001  compression 


IOOX  shear 


Runs  #3  &  #4  Combined  compression,  bending,  shear 


FIGURE  7.3i  LOAD  SEQUENCE 


SHEET  715 


U  3  4  P  0 1  14?*  BfV.ll.e5 


-  3&&jh» &esaa&e4z&Kmr** 


.  ft; i- 


’  - 

i 

,  i 

r[ 

LM! 

;  test  333-r:  (shroud  o/u>  . ..; ,;  j 

j  i  ,  i  I  :  '  i  •  •::.  | 

i  :  -  t  toad; ““  UNLOAD : 


i 


■  I  -  ■  -  ; 


‘  RUM  *3  A  . 


L.i.  jdL;..LU  __ 


A; 


•;"T" 


■RUN  . i  ;0i. 


L  soo.ooo  4-4-  tVt_._vs  ;P< 

•  . .  i 


Uoqooo'-f— 


[•460,080-  4 


-500,000 


f-400,000  -1-- 


i 


(-300,000 


■  ZOOjOOO- 


TABLE  OF  SLOPES  (1U-L8/RA0IAN) 

WN*k 

F?UA/*3 

hUfJ*A 

LOAD 

6.11(10)* 

6.0&CI0)8 

SMuof 

'ONLOAD 

6.3E(iO)g 

6.1  ?JI0f 

6.11  (10)* 

<t>  • 


cxx  ld3  (RADIANS) 


INITIALS 

OATE 

REV  BY 
INITIAL 

DATE 

CALC 

!!-(/■  s 

CHECK 

/jJzi 

it-ll~£ 

ARPO. 

AM>0. 

TITLK 


FIGURE  7.6-7.  PLOT  OF  BENDING  MOMENT  vs. 

ROTATION,  STAGE  III  MOTOR 
CASE.  TEST  333f  (SHROUD  ON  I 
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NUMBER  T2-365 7«f 
REV  LTR 


6.0  SAMPLE.  CALCULATIONS  — L HAPS 

at  launch  test  calculations — LOADS 

CALCULATION  OF  THE  333 -L  FAILURE  OVERPRESSURE  (Ap) 
AND  AXIAL  COMPRESSION  (P)  LOADS  AT  STATION  225.3  AkE 
SHOWN. THE  RECORDED  OVERPRES.  (AT  STATION  196.0)  AND 
HYDRAULIC  JACK  COMPRESSION  LOAD  ARE  FROM  REFERENCE  3. 
THE  LOAD  GEOMETRY  IS  SHOWN  IN  F16URE  3.4-1  .  1U  CALCULATING 
THE  AXIAL  COMPRESSION  DUE  TO  OVERPRESSURE  IN  THE  V- BAND 
AREA  (AROUND  STATION  221.  S)  IT  WAS  ASSUMED  THAT  THE  R/S 
RIN6  WAS  COVERED  WITH  SEALANT  TO  A  DIAMETER  OF 5117." 


OVERPRESSU 


(ftp) 


tf2Z5  s  (PSI)  =  Ap,,^  £>  +  (STA.  225.3  -  STA.  I96X DENSITY  0FH*0) 

Ap2i5  3  =  29.  75  +  (2Z5.3  -  196.0)  62-4 
‘  11Z.8 

Ap«3. 3  -  30.  SO  PS  I 
AXIAL  COMPRESSION  LOADS 

A  PORTION  OF  THE  FRUSTUM  AXIAL  COMPRESSION  AND  ALL  BUT 
THE  SHROUD  LOAD  ADAPTOR  WEIGHT  OF  THE  SHROUD  AXIAL  COM¬ 
PRESSION  RESULT 5  FROM  THE  OVERPRESSURE. 

DUE  TO  THE  OVERPRESSURE  (R^ 


“ZZ5.3 


P0 


4- 

HROUO  x  FRUO  njM 


.F^dbS)  =  Ap)96(  AREA),  +  Ap^OB3  (AREA),  -  Ap^o6  (AREA), 

=  ZB.  75  ((51 .0Z)z  -  (13.83  flE  Yp^29?75)4',gg^| 

4 


L 


_  i30.66){(  5Z.O)z  -(51. 17}1)  H 

4 


(5Z)z-(5l.0Z?m 

J4 


P  (HI  P5)  =  54.04  +2.39-2.06 


Fo  3 


55.2V  HIP5 


FoF  (  I  bS)  =  Ap13G  (AF.EA)  +  Ap^o6  (AREA)4 

P0F  =  29.  75  (t5.83f  H  4  (30.  74)[(  5Z.!)z  -  (5  l.l  7$  ^ 


POF  =  8. 1  7  KIPS 
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DATE 

ntv  BY 
INITIALS 

DATE 

CALC 

GDW 

ii-s-a 

CHECK 

i\m 

apto.  1 
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SAMPLE  CALCULATIONS  (CONT.) 

THE  TOTAL  AXIAL  COMPRESSION  THRU  THE  SHROUD 

/ 

R.(«IPS)=  55.27  -H0.6(T> 

I  *  » 

t*.  *=  55.87  KIPS 

WEI6HT  OF  THE  SHROUD  LOAD  ADAPTOR 

THE  TOTAL  AXIAL  COMPRESSION  THRU  THE  FRUSTUM 
Pt(KIPS)*  8.17  +1.05  f£>  +  l2..0l£> 

PT  «*  21.23  KIPS 


j£>  WEIGHT  OF  THE  FRUSTUM  LOAD  fcDAPTOR. 

g>  LOAD  INTRODUCED  BY  FRUSTUM  HYDRAUC  OACK.  (DATA-REF.3) 

AT  STATION  ZZ5.3  THE  FRUSTUM  t  SHROUD  AXIAL  COMPRESSION  LOADS 
HAVE  COMBINED  DIRECTLY; 

%25.3{“,PS)  =  55.  R 7  +  ZI.Z3 

^2&3  =  7  7.1  KIP5 

THE  FOLLOWING  SAMPLE  CALCULATIONS  REDUCE  THE  FAILURE  LOADS 
OF  AXIAL  COMPRESSION  £  OVERPRESSURE  TO  A  COMPARABLE 
PERCENTAGEOFTHE  BSD  EXHIBIT  66-6A  DESIGN  ULTIMATE  LAUNCH 
LOADS. 

THE  CALCULATIONS  FOR  THE  MGS  SECTION  AT  STATION  225.3  ARE  SHOWN: 


LOADS 

OVERPRESSURE  fPSl) 

AXIAL  - 

COMPRESSION  (.KIPS) 

~ ETST5 

EXHIBIT 

22.6 

71.5 

TEST  FAILURE 
LOADS 

30.8 

77.1 

THE  MGS  IS  MADE  OF  MAGNESIUM  WITH  A  MODULUS  OF  ELAS  - 
TICITY  (F)  OF  6.5  XIO6  IbS. 
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TITLE 

MOOEL 

CALC 
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SAMPLE  CALCULATIONS 
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\HW 

APPO, 
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NUMBER  T2-34»57'i 
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SAMPLE  CALCULATIONS  (CONTI 

RADIUS  «  Z6  INCHES 

|_»  *  3.54  INCHES 
Lr.  -  5.50  INCHES 

the  overpressure  ring  allows 
THE  L£TO  BE  USED  TO  CALCU¬ 
LATE  THE  CRITICAL  VALUE  OF 
OVERPRESSURE. 

THE  MINIMUM  GAGE  =  .OSS  INCHES 
OF  THE  SECTION 


MGS  SECTION 


STA  225.3 _ , 


RADIOS 


U  (APPROX.) 


Lf  (APPROX.) 


CRITICAL  AXIAL  COMPRESSION 


OVERPRESSURE 

RING 


L.  c  ^  0.367  R 

IT  JS 


2&  -265 

0.099 


»(e)(  l  XIO'3)*. - 

Pc  «6.5XK)6(/.S5  XlO'^j 
Fc  =  12-03  X/05_*L 

INX 

Pci? (KIPS)  =  ITT (  R){  *„,n>)(  Fc) 

Pc«  “  zrr  ( 26'lo99)(  12.03  XJQ3) 

Pc*3  194  KIPS 

CRITICAL  OVERPRESSURE 

ZL  «  (Lz.)Z  ( ■  937)  ^ _ 

(R)  (  ^min  ) 

H/l  -  f5.4)z  (.937) 

(Z6)(. 099) 
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333-  L  TEST 
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sample  calculations  (cont.) 


Hl  «  10.  59 
Ky  -  4.5  — 


R£F:8DM84F/  ASSUME  S/MPLV 

PAGE  323.2./  SUPPORTED  EDGES 


PCA  (PSO  -:925  >/Ky)(tMlN)3  E 


«  (-9Z5)t4.5\(  .099)3(6.5X106’) 

(26)  (5.  5)2 

=  33.35  PSI 

USING  THE  INTERACTION  FORMULA  FOR  DETERMINING  CAPABILITY 
WE  FIND  X%  OF  BSD  TO  GIVE  SAME  CAPABILITY  AS  THE  * 

FAILURE  LOADS. 

r  -i.83  r  -i  -?3 

IZZ.S  X}1'*  111.  5  X|'-z  =  /  30.  g  \,,z  (11.1  i1* 

(33.35  /  /94  /  V53.35/  V 194  ) 


{.67  8X)U+  (.363  X)'  * 


/N  PERCENT, 


~  (.925)  +  (.39#) 


X  (.621+. 301)  =  (.911  )  +  (.331  ) 

X,#2  «  I.  34 

X  =  1.2? 


=  \Z8  %  BSD  DUL 
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TMI  JSfi7JEfAf£f  COMPANY 


NUMBER  T2-^6»S1-| 
REV  LTR 


8.Z  FL16HT  TE$T  CALCULATIONS  —  LOADS 
8.2.1  833 -F  TEST  CALCULATIONS 

CALCULATIONS  OF  AX»Al  COMPRESSION  , SENDING  MOMENT 
t  SHEAR  LOADS  ON  THE  SPECIMEN  AT  STATION  257.4-  AT 
35  SECONDS  OF  PHASE  t  ARE  SHOWN  0ELOW. THE  JACK 
LOADS  WERE  TAKEN  FROM  REF.  4.  SEE  FlG.5.4.1-1  FOR  GEOMETRY. 


HVDRAUC 
UACK  NO. 

1 

Z 

3 

4 

5 

6 

7 

6 

9 

1 

LOAD  (KiPS) 

-  -  - -  -  -  --  _ 

2.79 

2.7  S’ 

1.5  4 

/.6I 

1.20 

1.01 

16.72 

.495 

l4.S6t 

i 


AXiAL  COMPRESSION  LOADS 

P(  KIP5)  **  i(  (Hr'O.  JACK}-  +  2.0  +  3.3  +  3.084  +  1.624  £> 

P  =  10.33  +  5.  3  +  4.11 

P  =  20.94  KIPS 


THE  2.0  K l RSfj  3. 3  KIPS  DEAD  WEIGHTS  SIMULATE  THE  INTERNAL 
STRUCTURE  LOADS  OF  THE  MGS  £  P8PS  RESPECTIVELY  .  THE 
SHROUD  $  FRUSTUM  LOAD  ADAPTORS  APPLY  LOADS  OF  3.064  KIP5 
4  1.624  KIPS. 


BENDING  moment 

M(lN-K!PS)=  COUPLE -MOMENTS  +  SHEAR  MOMENT 
M  ~  \l  jA 


|2  JACKS  (3  $4  -  I  £2) 


25.  S>3  + 


+  (251 A  -  jS&’.OZjjACKS 


2  JACK(  6-5) 


46  + 


+  (257,4  -146.35)  JACK  8 


M  —  f-2.  42  )  25. S3  r(-.>9)46  +  99.38(14.865)+  (II  1.05)  .495 


M  ”»  1461.0  IN- KIPS 

SHEAR  THE  14.86  KIPS  CN  THE  SHROUD  «-  ,495  KIPS  ON  THE 


FRUSTUM  (JACKS  9f£s)  COMBINE  AT  STATION  ?25.  3  TC 
GIVE  A  SHEAR  OF  15.36  KiPS-'  _ _ 


— 
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rm“ . . 

CHECK 

tW 

APPO.  ( 

r 

AFP  0. 

1 


X-P  (96  ORi  7/6P 


PAGE  604- 


(HUMBER  T 2-2  f^B  '/  -f 
'REV  LTR 


SAMPLE  CALCULATION  (COl IT. )  5 

CALCULATION  CF  THE  UNELOADONTHE  SPECIMEN  ALONG  TME  AZ.'MUTH 
OF  THE  MAXIMUM  LINE  LOAD  (36° 30' AZIMUTH  }iS  SUQVJN.THE  LOADS 
USED  ARE  FROM  THE  WIND  SHEAR  CONDITION  AT  STATION  Z57.4. 

U«£  LOAD  as  <^lbS  \  =  AXIAL  COMP.  t  SEND  MOM.  CO$(36'3Q' -9) 
,N  '  CIRCUMFERENCE  AREA 

CIRCUMFERENCE  AND  AREA  ARE  OF  THE  CROSS  SECTION  AT  STATION 
X57.4.  THE  RADIUS  IS  Z6  INCHES.  ©  -  36°30' 

f 

a=  ZO  94  +■  14-61.0  COSO" 

WAX.  ~ 

163  £/£4 

q  =  iZe.5  f  657.  7 

VAX. 

q  =  6  /6.2  !  bS. 


INITIALS 

OATE 

CALC  (SOW 

II-/4-? 

CHECK  )p7^  _  . 

Appoy 

PPPO. 

REV  BY 

HltlALS  DATE 


TITLE 

sample  calculations 
333 - 1—  PROGRAMMED  TEST 


PAGE  BOS 


X-6IRC  C»>  7/f. 


s 


o 


3 


COMPANY 


TIMBER 
RC.V  LTR 


a 2.Z  345-F  TEST  CALCULATIONS -LOAD  CAPABILITIES 


calculations  to  reduce  THE  FAILURE 
LOADS  OF  AXIAL  COMPRESSION  ,  BENDING  MOM¬ 
ENT  £  SHEAR  TO  AN  EQUIVALE  .T  PERCENTAGE 
OF  THE  FIGURE  A  6560  DESi  6N  ULT’MATE  LOADS 
ARE  AS  FOLLOWS  : 


n-HI  INTERST6. 
AFT  BAY 

-1T- 


I 


10.51  INCHES  E  =  10.7  XIO6  FOR  A* 


R  =  Z6.0  INCHES 

CRITICAL  AXIAL  COMPRESSION 


L_  =  .  404 
R 


R  =  238 


■  MIN 


Fc  =  (<.6o  x  k>'3)  (£) 

^  =•  I  7.  12  X  103  lbs 


.  R.c  F.  B  DM  84  F  | 
PAGE  313. 2.1 


tMIH*.C£L 


IN 

f^R=  Fc  (  2TT)R(tMfN) 
PCR(KIPS)  =  ZTT(R)(tMlht)  Fc 
PCR  ~  ZKlZ6X.I09)(n.\ZX\03) 
P,„  =  305  KIPS 


CRITICAL  BENDING  MOME NT 

Fb  (  lbS.\  =,  2.12  XIO"3  (E)  . 

\IN2/ 


i 


4 


358.37 


REF-  DRWG. PER  B0EIN6 
2.5-6082  7 


REF.  BOM  84  FI 
PAGE  316.  2. 1 


Fb  =  22  68  X/03  IbS 

IN* 


Mc«  (  IN-KIPS)  «  F6  (TTR2-)^,*) 
Mcr  ’*=  524  6’  IN  -  Kl  PS 

CRITICAL  SHEAR 


Fv  «  (1.4  )(  I  GT  )(  E) 

Fv  =  16.03  X  I03  JOS 
IN1 


VCR=  Fv  (  fT)  R  (  i  mih) 
VCR  =14  2  6  KIPS 


REF  6DM84FI 
PAGE  319.2.1.1 
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SAMPLE.  CALCULATIONS  (CONT.i 


AXIAL  COMR 

BEND.  MOM. 

SHEAR 

FAILURE 

LOADS 

87.6  KIPS 

3291  IN- KIPS 

13.3  K«PS 

FIGURE 

A  LOADS 

62.8  KIPS 

3,000  IN- KIPS 

\Z,  KIPS 

USING  INTERACTION  FORMULA  FOR  DETERMINING  CAPABILITY, 

we  find  x%  of  the  fig.  a  loads  that  give  the  same 

CAPABILITY  AS  THE  FAILURE  LOADS. 

S 62- 8 JO  ,/^OOOXj  ,  (IZ  X  VI  *7*7.6  \  .  I  3Z$I\  .113.3  \1 

,305  )\5Z4s  j  +{-Ut6)  -  (Ms~l + Isltr)  TTFe) 

-  -J  L.  _ 

X  =  1.168 

%  FIG. A-  116.8% 

CALCULATIONS  FOR  THE  REDUCED  CAPABILITY  OF  A  MINIMUM 
GAGE  SECTION  ARE  AS  FOLLOWS : 


t„,N.fN)=  .109 
^actual/  *  N)  •  1 1  I 

TO  CALCULATE  THE  CRITICAL  VALUES  OF  AXIAL  COMPRESSION, 
BENDING  MOMENT  $  SHEAR  USING  ACTUAL  THICKNESS. 

L  =  .  404  _R_  =  234 

fv  ^ACT 

CRITICAL  AXIAL  COMPRESSION 

Fc(U$)  =  »-68  XI0-3(E}^ - 


REF:  BDM84FI 
PAGE  313.2.1 


Fc  =  17.90  X|03  IbS. 

!NZ 

PCR  (KIPS)  *  Fc  {  2TT)  R  (  tACT) 
PCR  “{H.98  X 10  3  )(ZTT){2<5 )(.//;) 
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SAMPLE  CALCULATIONS  (  CO  NT.) 

PCR  =  326  K *  PS 
CRITICAL  BENDING  MOMENT 

REF.  BDM  84  F  I 
PASS  316.2.1 


MCK(lN-K|pS)  =  Fb  (TlR^-fc^) 
Mc<?  =  23.22  X/03(  TT  Z6*)(.H/) 
'Mcff  -  547  1  IN  -KIPS 


REF.  BDM  84  F I 
PAGE  319.2.1.1 


VCR  =  14  9.  .2  Kl  PS 

A  TABULATION  OF  THE  CRITICAL  VALUES  DETERMINED  FROM 
ific T  CALCULATION  ABOVE  ^  lMIN  CALCULATIONS  IN  A  PRE¬ 
VIOUS  SECTION  IS  5H0NMN: 


CASE 

GAGE 

CRIT 

AXIAL  COMP. 

CRIT.  BEND.  MOM. 

CRIT.  SHEAR 

"t  MIN. 

.109  IN. 

305 

KIPS 

5  24?  IN -KIPS 

\42.6  KIPS 

^  ACT. 

-Ill  IN. 

32<£T 

Kl  PS 

5471  IN-KIPS 

SAS. Z  KiPO 

FIGURE  A  6560  DUL  f  SHOWN  ON  SHEET  &07  COMPLETES  THE 
VALUES  NEEDED  FOR  THE  RP\T10  OF  THE  INTERACTION  FORMULAS 
OF  CAPABILITIES. 
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SAMPLE  CALCULATIONS 

345 -F  FAILURE  TEST 

CHECK 

Vr r 

u-n-f 

APPO. 

A  PPO. 

i 

CRITICAL  SHEAR 

Fv(_ms)  =  1.4  (i.lXE)XIO'3. 

FT.  =  16.48  IbS 
IN1 

VctK'PS)  -  Fv  (TT)(RX^Act) 


Fe(J^)  =  2.17  /10-3  (E) 

fa  »  z't.zz  yio3  ibs 

O  —.IT  7 


X-.fi  ty«  on  I  7/68 


PACT  808 


o 


SAMPLE-.  CALCULAT IONS  {CONT-} 

5!/  PIS.  A  LOADS 


HUMBER  TZ-3651-  / 
REV  LTR 


am. 

vW+ 


MIN.  GAGE  FACTOR  (1)  -  CMTICALUWa/ 

i  yj  F<6.  A  LOADS  \ 

CRITICAL  LOADS/ 


MIN.  GAGE  FACTOR 


62-  g  3000  fZ 

3*6  *  54 'll  143 


62.1?  ;  3000  +  _ !2_ 

305  324-?  /4Z 


Ed 

*) 


MIN.  GAGE  FACTOR  *  0.55  Z 
CAPABILITY*  OF  A  MINIMUM  GAGE  SPECIMEN 
.95 Z("6.S)  -  Hi  V*  FIG.  A  DUL 
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This  document  provides  the  final  test  report  for  the  Structural  Static 
Confirmation  Tests  of  integrated  structural  components  of  the  Minuteman 
LGM  30G  missile.  The  primary  purposes  of  the  test  program  were  to:  l) 
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ultimate  load  capability,  3)  obtain  load  deflection  characteristics. 
Static  tests  were  conducted  on  integrated  Stage  III/PBV  R&D  and  Opera¬ 
tional  stackups  and  Stage  II  Fwd /  II-III  Interstage/Stage  III  stackup. 
Various  critical  combinations  of  external  and  interna.1  pressure,  axial 
load,  moment,  shear  and  heat  were  applied  to  the  structure  simulating 
the  silo  launch  condition  and  powered  flight  conditions. 
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